breeding population (Rader et al. 2010) . For successful recruitment, young fish need access to habitats with appropriate temperatures and food as they transition from larvae to juveniles; such factors can be affected by the presence of aquatic macrophytes in the lake environment (e.g., Ellsworth et al. 2010 , Rader et al. 2010 .
Resource availability is often scale-dependent, so it is usually necessary to study the effects of resource availability at multiple spatial scales (Wiens et al. 1986 , Wiens 1989 , Werner 1998 . Large landscape regions within the lake and habitats within those regions may be valuable to the growth and survival of juvenile June sucker. We divided Utah Lake into 5 regions, consisting of Provo Bay and 4 additional regions in the main body of the lake. Provo Bay is a large, shallow extension of the lake (depth < 1.5 m) with a reduced fetch and abundant emergent macrophytes. The habitat scale refers to patches of open water and emergent macrophyte beds (reeds Phragmites australis, bulrushes Scirpus acutus, and cattails Typha latifolia) nested within Provo Bay. These 2 habitat types are known to differ in physicochemical properties (e.g., light penetration and structural complexity; Brotherson 1981 , Joniak et al. 2007 ) that affect the survival and growth of fishes (Jeffres et al. 2008) .
Understanding the habitat requirements of juvenile June sucker at multiple scales will be critical to guiding restoration efforts. We quantified differences in the growth and survival of young June sucker among each of the 5 regions and between habitat patches within Provo Bay (open water versus emergent macrophytes) to determine how variation at both scales may influence rates of natural recruitment. We also compared these patterns of growth and survival with variation in the abundance of zooplankton at both scales.
METHODS

Regional Effects
We measured the growth and survival of juvenile June sucker in 4 replicate cages placed in each of the 5 regions on 8 and 9 July 2008 (Fig. 1) . These 5 regions vary in physicochemical properties that may produce differences in zooplankton abundance (Table 1) . Our cages were modified after Billman and Belk (2009) and consisted of rectangular frames (3 × 2 × 1 m) constructed from PVC pipe (2.54 cm in diameter) and covered with vinyl-coated polyester screening (1.5-mm mesh) on the sides and bottom. The mesh size prevented fish from escaping but did not constitute a barrier to the movement of zooplankton. The top of each cage was covered with netting (4-cm mesh) to deter predation by birds and mammals.
Six hundred juvenile June suckers obtained from the Utah Division of Wildlife Resources' (UDWR) Fisheries Experiment Station (FES) in Logan, Utah, were placed in each cage on 21-23 July. These fish were 6 weeks old, and although they were derived from multiple families, all families were combined in each cage. Larval June suckers were fed brine shrimp nauplii in the hatchery for the first 4 weeks of life and then were transitioned to a dry formula prepared especially for young June sucker (Doug Routledge, UDWR, personal communication). Four groups of 25 fish each were digitally photographed in shallow trays containing a ruler. Average standard length (SL) was 15.13 mm (SE = 0.18, n = 100).
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WESTERN NORTH AMERICAN NATURALIST [Volume 71 Fig. 1 . A map of Utah Lake showing the regional locations (solid black circles) and its position within the United States. NE = northeast main lake, NW = northwest main lake, PB = Provo Bay, SE = southeast main lake, SW = southwest main lake.
At the end of 5 weeks (25-27 August), all fish were removed from the cages and counted to calculate survival. A few cages were excluded from the survival analysis because damage to the cages had probably allowed some fish to es cape. The final average SL was calculated for each cage based on a randomly selected subsample of at least 50 fish by using the computer program tpsDig2 (Rohlf 2008) . As be fore, fish were digitally photographed in groups of 25 individuals. For each cage, the initial mean standard length was subtracted from the final mean standard length to determine growth. Under authorization of the UDWR, all fish were released into Utah Lake at the conclusion of the study.
Habitat Effects
The habitat experiment was conducted over an 8-week period between July and September (2003) about 3 km east of the Provo Bay regional site (Fig. 1) . Twenty-five June suckers were added to 4 replicate cages in each habitat type (open water and emergent macrophytes). These cages were similar to those used at the regional scale, except they were smaller (0.5 × 1.0 × 1.0 m) and fixed to the substrate (Belk et al. 2008 , Kreitzer et al. 2010 . Both survival and growth were calculated as described in the regional experiment.
Resource Availability
Although we compared the total zooplankton density among sites, we also analyzed differences in the densities of Brachionus rotifers and cyclopoid copepods because they are known to be important in the diet of young June sucker (Kreitzer et al. 2010) . Zooplankton samples were collected near to but outside of the cages at each of the 5 regional sites and at both habitat sites. Previous research using the same cage mesh as this study has shown no difference between the density of zooplankton needed by June suckers inside cages and the density needed outside cages (Gonzalez 2004) . Three replicate samples were collected at each site 3 times on weeks one, three, and five of the regional experiment and on weeks one, three, and six of the habitat experiment, for a total of 9 samples per site. Zooplankton were collected by lowering a 20-cm-diameter plankton net (64-μm mesh) to the bottom of the lake, allowing the water to settle, moving the net 30 cm to the side, and pulling it to the surface (sensu Kreitzer et al. 2010) .
Each sample was stored in 70% ethyl alcohol prior to enumeration and identification of zooplankton. We performed a power analysis to determine the number of subsamples needed to accurately estimate densities for each taxa (Elliott 1977). All samples were rinsed through a 63-μm mesh into a 140-mL beaker, and subsamples were extracted from a homogenous mixture with a 1-mL Stempel pipette. The mean number of zooplankton per subsample was multiplied by 140 and divided by the cubic meters sampled (mean depth of water column × area of the net opening) to determine densities per cubic meter.
Statistical Analyses
Survival, growth, and zooplankton were compared among regional sites using ANOVA and Tukey-Kramer pairwise mean comparisons implemented in NCSS (Hintze 2008) . Survival, growth, and zooplankton were compared between habitat types using the 2-sample t test (α = 0.05), also implemented in NCSS (Hintze 2008) . Both data sets were logit-transformed to meet parametric assumptions of nor mality and equal variances.
RESULTS
Regional Effects
Average survival ranged from 78.1% (SD = 6.6%) in Provo Bay to 63.8% (SD = 4.5%) at the 2011] GROWTH OF YOUNG JUNE SUCKER 501 (SD = 0.9%), southeast = 66.9% (SD = 15.6%), and northwest = 66.2% (SD = 4.2%). However, none of these differences in survival were statistically significant (F 4, 10 = 1.27, P = 0.344). Although growth rates were generally greater in Provo Bay (Fig. 2) , the only significant differences occurred between Provo Bay (23.5 mm / 5 weeks, SD = 1.6) and the northwest site (18.2 mm / 5 weeks, SD = 1.7). Total zooplankton density differed among sites on weeks one (F 4, 9 = 36.16, P < 0.001), three (F 4, 10 = 16.56, P < 0.001), and five (F 4, 10 = 18.06, P < 0.001). That is, Provo Bay had significantly greater total zooplankton density than the other sites on weeks one and five, whereas both Provo Bay and the northeast site showed significantly greater densities on week three (Fig. 3a) . These differences in total zooplankton were largely attributed to a greater density of Brachionus rotifers and cyclopoid copepods in Provo Bay. That is, the density of Brachionus sp. was greater in Provo Bay relative to the other sites (Fig. 3b) on all 3 weeks (week one: F 4, 9 = 124.33, P < 0.001; week three: F 4, 10 = 38.31, P < 0.001; week five: F 4, 10 = 8.16, P = 0.003). Similarly, the density of cyclopoid copepods was also greater in Provo Bay on all three weeks (week one: F 4, 10 = 8.55, P = 0.003; week three: F 4, 10 = 27.56, P < 0.001; week five: F 4, 10 = 43.73, P < 0.001) except for the northeast site (Fig. 3c) . Cyclopoid copepods did not differ between Provo Bay and the northeast site on weeks one and three.
Habitat Effects
Survival was significantly greater in vegetated sites (90%, SD = 9.1%) than in open (70%, SD = 11.5%) sites (2-tailed t test: P = 0.05), whereas growth showed the opposite pattern, and was significantly greater (2-tailed t test: P = 0.002) in the open water (SL = 38.9 mm, SD = 1.06) than in vegetated habitats (SL = 31.9 mm, SD = 1.33).
Although total zooplankton density did not differ between sites on weeks one (2-tailed t test: P = 0.539) and three (2-tailed t test: P = 0.189), densities were greater in the open water on week six (2-tailed t test: P = 0.031; Fig. 4a ). Brachionus rotifers did not differ between sites on weeks one (2-tailed t test: P = 0.231) or three (2-tailed t test: P = 0.332) but were also greater in the open on week six (2-tailed t test: P = 0.033; Fig. 4b ). However, cyclopoid copepod density did not differ between sites on any of the weeks (week one, 2-tailed t-test: P = 0.607; week three, 2-tailed t test: P = 0.097; week six, 2-tailed t test: P = 0.159).
DISCUSSION
Previous work has shown that young June suckers rely on a diet high in both Brachionus rotifers and cyclopoid copepods (Kreitzer et al. 2010) . Our results suggest that zooplankton abundance, particularly Brachionus rotifers and cyclopoid copepods, may serve as metrics for assessing site suitability for stocking young June sucker and for assessing the effectiveness of habitat restoration. At a regional scale, generally faster growth rates of juvenile June sucker corresponded with greater zooplankton densities in Provo Bay and, to a lesser extent, in the northeast region. Similarly, faster growth rates at the habitat scale corresponded with greater zooplankton densities, especially Brachionus rotifers, in the open water within Provo Bay. Although the survival of juvenile June sucker was highest in Provo Bay, this trend was not statistically significant, probably because of a reduction in statistical power attributed to damaged cages. However, increased growth rates due to higher zooplankton densities in Provo Bay would decrease the time that fish are vulnerable to predation (Friedland et al. 2000 , Islam et al. 2010 , and these growth rates should thus have a significant positive effect on longterm survival under natural conditions.
Our data indicate that Provo Bay is the best region in Utah Lake for the growth and survival of juvenile June suckers. This observation has important implications for the restoration of this species because only one of the 6 tributaries that drain into Utah Lake flows directly into Provo Bay (Hobble Creek). Connectivity of larval and juvenile June suckers between regions within the lake is unknown but potentially restricted because of the limited swimming abilities of these small fish. If the movement of juvenile fish among regions of the lake is limited, then Hobble Creek is the only spawning tributary that transports larval June suckers directly into the most productive region (Provo Bay) with the greatest growth and possibly the greatest survival rates. Thus, restoration of this species may be critically affected by the successful restoration of Hobble Creek as a spawning tributary for adult June suckers.
At the habitat scale within Provo Bay, survival of juvenile June suckers was greatest in the vegetated habitat, whereas food availability and growth was greatest in open waters. Mortality of juvenile June suckers is strongly affected by predation from a variety of fish predators introduced to Utah Lake over the past 100 years, such as white bass, Morone chrysops (Thomas and Crowl 1997 , Belk et al. 2001 , Kovalenko et al. 2010 . Aquatic macrophytes are known to provide a refuge for small fish from predation by larger fish (e.g., Mittelbach 1986) In summary, we suggest that the restoration of endangered June suckers endemic to Utah Lake should include (1) restoration of Hobble Creek as a spawning tributary to Provo Bay, (2) reduction of carp in Provo Bay, (3) restoration of submersed macrophytes in Provo Bay, and (4) a reduction of emergent macrophyte barriers surrounding the mouth of the spawning tributaries. Although these steps involve significant challenges (especially the removal of 
